MASAZUMI KAWAKAMI, EI TERASAWA AND JUN ARITA 2nd Department of Physiology Yokohama City University School of Medicine, Yokohama 232 Synopsis Stress-induced gonadotropin secretion was investigated in both sexes in relation to limbic participation in its mechanisms. Application of the immobilizationstress induced the release of serum corticosterone in intact females, males and orchidectomized estrogen-primed males. Serum prolactin was also increased by the stress in females and orchidectomized estrogen-primed males, but not in intact males. Hippocampal ablation did not affect the stress-induced release of corticosterone and prolactin. Serum LH was neither increased nor decreased by the stress in intact females and males, but it was increased in orchidectomized estrogen-primed males. Hippocampal ablation, however, brought about LH release in stressed females and abolished stressinduced increase in LH in orchidectomized estrogen primed males. Stress increased serum or pituitary FSH in females and orchidectomized estrogenprimed males, but this effect was suppressed by hippocampal ablation. Thus, there is a sex differentiation in stress-induced gonadotropin and prolactin secretions, and the hippocampus may be involved in its control mechanism.
Recently several workers in the neuroendocrine field have suggested that there are interrelations between the pituitary-adrenal system and the pituitary-gonadal system via the central nervous system. For example, surgical stress on the morning of proestrus in the female rat advances the time of lordosis behavior as well as the time of LH release (Nequin and Schwartz, 1971) , while on the day of diestrus it can block ovulation (Schwartz and McCormack, 1972) . Stressful stimuli cause luteinization in the neonatally estrogenized persistent-estrous rat (Takasugi , 1956) , and in the male rat with ovarian transplants , but not in the normal female rat (Takewaki , 1956; Machida, 1968 Machida, , 1970 .S urgical stress under ether anesthesia enhances the release of prolactin in the female rat but not in the male rat (Neill, 1970) . The latter experiments appear to indicate a sexual differentiation in the stress-induced gonadotropin and prolactin secretions.
The concept that sexual differentiation in the gonadotropin secretion is due to brain exposure to neonatal sex-steroids has been commonly accepted. Generally, the medical preoptic basal hypothalamus is considered to be the site of the brain responsible for sterilization (Barrachough, 1967; Gorski, 1968) . However, previous work in our laboratory has indicated that there are sexual differences in the amygdala and the hippocampus instead of the medial preoptic basal hypothalamus in response to electrical stimulation Terasawa, 1972, 1973) . Since limbic structures are known to participate in the control of adrenocorticotropin secretion (Kawakami et al., 1968 (Kawakami et al., , 1971 Kurata (1970) was modified in our laboratory. Student's t test was used to compare betWeen control and stressed rats. Histological sections stained with carbol fuchsin were made from each hippocampal ablated animal: sizes and sites of the ablation were carefully checked by examining a series of the 40mm. thick sections. Results 1. Effect of immobilization stress and ether stress on serum corticosterone in intact animals.
Application of immobilization stress induced increase of serum corticosterone in intact females, males and orchidectomized estrogen-primed males. Exposure to ether stress also induced increase of serum corticosterone (Figs. 1, 3 and 5).
2. Effects of stress on serum gonadotropins and prolactin.
Application of immobilization stress did not induce any change in serum LH in intact female and male rats (Figs. 1 and 5). Exposure to ether stress also neither increased nor decreased serum LH in the female rat (Fig. 3) . However, in the orchidectomized estrogenprimed male, serum LH showed a tendency to increase with immobilization stress (Fig. 5) .
Serum FSH was increased by immobilization stress in the intact female rat (Fig. 1) , but not in the intact or orchidectomized estrogen-primed rats (Fig. 5) . Ether stress induced a slight increase serum FSH in the female rat (Fig. 3) .
Serum prolactin was increased by either immobilization or ether stress in intact rats (Figs. 1 and 3) , while it was not increased by immobilization stress in intact males (Fig. 5) . However, in orchidectomized estrogen-primed males immobilization stress increased serum prolactin significantly (Fig. 5) .
3. Effects of stresses on pituitary gonadotropins and prolactin.
Immobilization stress neither increased nor decreased pituitary LH in the intact female and males rats (Figs . 2 and 6 ). Ether stress also did not induce any change in pituitary LH in females (Fig . 4) . Pituitary LH in the orchidectomized estrogen-primed males , however, was increased by immobilization stress (Fig. 6 ).
Application of both stresses increased pituitary FSH in the female (Figs. 2 and 4) , and in the orchidectomized estrogen-primed male, but not in the intact male (Fig. 6) .
Pituitary prolactin was not changed by any of stresses in females, intact and orchidectomized male rats (Figs. 2, 4 and 6) . 4. Effects of hippocampal ablation on stress-induced changes in serum gonadotropins, prolactin and corticosterone. Dorsal fornix and dorsal hippocampus were ablated as shown in Fig.7 . Hippocampal ablation resulted in an increase of serum corticosterone in the female and decrease of serum corticosterone in orchidectomized extrogen-primed males. However, ablation of the hippocampus did not induce any change in serum prolactin. Hippocampal ablation did not influence the stress-induced increase of serum corticosterone and prolactin in either females or orchidectomized estrogen-primed males (Figs.1 and 5 ). However, after hippocampal ablation stress caused a variable increase in serum LH in the female rat (Fig.1) , while in the orchidectomized estrogen-primed rat the stress-induced LH increase was blocked by ablation. (Fig.5) . Hippocampal ablation increased serum FSH, and there was no further increase brought about by stress in the female rat. (Fig.1) . Hippocampal abla- Sites and sizes of hippocampal ablation.
tion, however, did not induce any change in serum FSH of orchidectomized estrogen. primed males (Fig.5) .
5. Effects of hippocampal ablation on pituitary gonadotropins and prolactin. Hippocampal ablation did not change pituitary LH in female rats, but blocked the stress-induced increase of LH in the orchidectomized estrogen-primed males. Hippocampal ablation itself increased pituitary LH in the latter animals.
Hippocampal ablation increased the stressinduced increase of pituitary FSH in both females and orchidectomized estrogen-primed males.
Hippocampal ablation did not influence pituitary prolactin in the orchidectomized estrogen-primed rat. Immobilization stress to the hippocampus-ablated male rat decreased pituitary prolactin (Fig.6 ).
Discussion
Application of either immobilization stress or ether stress induced an increase of serum corticosterone, so that ACTH was apparently released by the stresses in intact females, males and orchidectomized estrogen-primed males. However, application of the stress increased serum prolactin in proestrous females and in orchidectomized estrogen-primed males, but not in normal males. Thus, there were sexual differentiation in stress-induced increase of serum prolactin. Release of prolactin by stress in females and a failure of the release in males has also been reported (Neill, 1970) . Furthermore, effects of the stressinduced prolactin release were greatest on the day of proestrus and greater on the day of diestrus III in 5-day cycling rats than on the remaining days of the cycle (Neill, 1970) . Taking into account his observation stressinduced release of prolactin might be greatly affected by the blood level of estrogen. Either immobilization stress or ether stress did not change serum LH in intact females and males. No effects on serum LH by the stress of laporotomy under ether in female and males were reported (Neill, 1970) . However in the orchidectomized estrogen-primed rat immobilization stress increased pituitary LH significantly and serum LH slightly. Thus, stressful stimuli enhanced synthesis and release of LH in the male rat under estrogen influence. This fact agrees with the studies of Takewaki and his co-workers that stress from a subcutaneous pouch of croton oil caused luteinization in the castrated male rats with an ovarian transplant that otherwise showed anovulatory polyfollicular characteristics (Takewaki, 1956; Machida, 1968 Machida, , 1970 .
Immobilization stress facilitated the synthesis and release of FSH in the intact female, but not in the intact males. In orchidectomized estrogen-primed males the stress increased pituitary FSH but not serum FSH. Therefore, the stress-induced increase of FSH may be influenced by the blood level of estrogen, as with prolactin.
From the results of ablation, the hippocampus appears to inhibit the basal secretion of ACTH in the female rat, while it facilitates the secretion of ACTH in the orchidectomized estrogen-primed males. Although effective or noneffective results of fornix transection on diurnal fluctuation in plasma corticosterone in the male rat were reported (Moberg et al., 1971; Lengvari and Halasz, 1973) , no such sexual differences were observed. In the present experiments hippocampal ablation neither inhibited nor facilitated stress-induced ACTH secretion in either sexes. In detailed inspection, however, the stress increase in corticosterone was reduced by hippocampal ablation in females but was augmented in males , because the basal levels of corticosterone were changed by hippocampal ablation. Effects of hippocampal ablation on adrenocortical response to stress have been reported (Knigge , 1961; Knigge and Hays, 1963) .
Effects of hippocampal ablation on gonadotropin secretion in female rats similar to the present results were also reported in a previous paper . Hippocampal ablation augments both tonic and stress-induced release of LH in females.
Thus the hippocampus appears to inhibit not only basal secretion of LH but also stressinduced release of LH in normal proestrous females. By contrast, in the orchidectomized estrogen-primed males hippocampal ablation decreased serum LH (so that it accumulated in the pituitary), and it blocked the stressinduced release of serum LH, i.e., the hippocampus in these rats may facilitate not only basal secretion of LH but also stress-induced release of LH. Opposite effects of hippocampal stimulations in females and in masculine (neonatally androgenized or orchidectomized estrogen-primed rats) were already reported Terasawa, 1972b, 1973) .
Hippocampal ablation increased serum and pituitary FSH in cycling female rat (Terasawa and Kawakami, 1973, Figs. 1 and 2) and increased pituitary FSH in orchidectomized estrogen-primed rats (Fig. 6) , so that hippocampus is inhibitory in the control of FSH secretion. However, the stress-induced increase of serum or pituitary FSH in females and orchidectomized estrogen-primed males was abolished by hippocampal ablation. Participation of the hippocampus in control of FSH secretion has previously been proposed (Kawakami et al., 1972; Kawakami and Terasawa, 1972a ; , and the hippocampus may also be involved in the stress-induced FSH secretion.
The increase of serum prolactin by stressful stimuli in the female rat or in the male rat under estrogen was not affected by ablation of the hippocampus, as was also true with corticosterone.
Although the stress-induced release of LH, FSH, prolactin and ACTH is presumably mediated by the medial preoptic basal hypothalamus, the hippocampus may also be involved in controlling the stress-increase of LH and FSH. The fact that this control appears to differ in males and females, suggest that limbic structure as well as hypothalamus may play a role in sexual differentiation.
